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Abstract
The Saharan regions in the south of Algeria have a dry climate; it’s very hot in summer and cold in winter. The building
materials that are commonly used in these areas are concrete and cement mortar. These materials, which represent poor thermal
insulation, result in enormous expenses in terms of air conditioning or heating. To remedy this problem, it is necessary to wrap
these materials with another type that is not only having a high quality of thermal insulation but less expensive as well.
This work, which focuses on the development of local materials so as to improve their thermal insulation performance, is
considered as a first step to use these new materials for local building. The material used in this study is plaster reinforced with
date palm fibres.
This study seeks to characterize the newly adopted materials so that we can use for wall materials in the Saharan regions.
© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD).
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1. Introduction:
The concrete and mortar cement is the materials the more used in the construction, especially for the walls. But
its conductivity to the heat remains a handicap of its thermal behaviour. It’s therefore necessary to replace these
materials with another one. That answer has thermal insulation in dry–hot region like Ouargla town in the east south
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of Algeria. The plaster reinforced by date palm fibres was used in order to improve his mechanical and thermal
resistances. The use of fibres in the different materials in order to obtain heat insulating building materials became
more and more a current practice and the applications are developed. That is due to the capacity of this new
composite material to limit and to control the cracks, to improve the flexural and tensile strengths as well as to
improve the thermal resistance.
The objective of this work is then to improve the thermal performance of plaster bricks and hence the utilisation
of date palm fibres in material construction, it is also to substitute the asbestos fibres that present a dangerous
problem on the human health. In this paper, it’s presented the thermal properties of plaster bricks reinforced by these
fibres, in the Sahara environment.
The aim of this paper is to find, via an experimental study, mixtures of date palm fibres with plaster to make
bricks for wall materials, which are suitable for heat insulation.
2. Experimental Procedures
2.1. Materials
The natural fibres used in this research are from the surface of the trunk of male date palm. The male date palm
surfaces fibres (MDPSF) are naturally weaved, and are pulled out from trunk in the form of nearly rectangular mesh
(300-500 mm length and 200-300 mm width) formed with three superposing layers. It is easy to separate them into
individual fibres of diameter of 0.1-0.8 mm in water. Table 1 [2,3] shows the upper, lower, and mean physical
properties of MDPSF as well as the coefficient of variation (CV), whereas, table 2 [2,3] gives mechanical properties
of MDPSF. Comparatively to what is reported in literature the mechanical performance of more common vegetable
fibres, the MDPSF have average tensile strength and a weak elasticity modulus.
Table 1.Physical properties of used fibres
Property Lower-upper Mean-CV (%)
Diameter (mm) 0.1-0.8 0.45-54.43
Bulk density (kg/m3) 512-1089 900-17.64
Absolute Density (kg/m3) 1300 – 1450 1383- 5.52
Natural moisture content (%) 9.5-10.5 10-5.00
Water absorption after 5 mm (%) under water 60 – 84 74 –14.02
Water absorption to saturation (%) 97 – 203 132.5 – 20.56
Table 2.Mechanical properties of used fibres
Fibre type Length(mm)
Tensile
Strength
(MPa)
Elongation
(%)
Modulus of
Elasticity
(GPa)
MDPSF
100 170±40 16±3 4.74±2
60 240±30 12±2 5.00±2
20 290±20 11±2 5.25±3
The physical and mechanical properties of used plaster and cement are presented in table 3. And table 4 gives
the chemical composition of cement, plaster and fibres used in this study [2,3,6,7].
Table 3.Physical and Mechanical properties of used plaster and cement
Material Bulk density(kg/m3)
Fineness
(m2/kg)
Compressive
strength
(MPa)
Bending
strength
(MPa)
Plaster 814-915 2100 10.5 3.45
Cement 2100-2200 3850 32.5 7.40
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Table 4. Chemical composition of fibres, plaster and cement
Element (%) Fibres Plaster Cement
SiO2 48.04 0.7 21.9
Al2O3 06.12 0.1 5.73
Fe2O3 02.51 0.08 3.13
CaO 14.21 32.15 60.18
MgO 04.88 0.53 1.85
MnO 0.05 - -
SO2 44.95 44.95 2.29
Na2O 1.81 0.09 0.19
K2O 2.80 0.03 0.83
TiO2 0.42 - -
P2O5 0.45 - -
/CL 18.08 0.002 4.07
The figure 1 shows the mesh of date palm fibres and the photo taken by electronic microscope MEB, this later indicates
the distribution of the pores in the structure of date palm fibres, which have been identified as having the
potential to influence the thermal conductivity and specific heat of fibres. So that, it’s beneficial for the
resistance to heat [2,3].
Fig. 1. (a) Mesh of date palm fibres; (b) Structure of date palm fibres
2.2. Mixture proportion
For the mix design fibres reinforced plaster bricks, the experimental method is recommended. The mass fractions
of the fibres were 1,2,3,4 and 5% from the mass of specimen without fibres. The new composite material has a
superposing multilayer structure (plaster layers + fibre layers), and the number of fibre layers is function of the
percentage of fibres. To avoid the absorption of mix water by the fibres, we add some quantity of water to the
mixture according to the weight of fibres. Whereas, for the mix design cement mortar bricks the composition
indicates in the table 5 below is used [2,6,7,9].
Table 5.Proportion of cement mortar [2, 8]
Material Weight (g)
Cement 201.6
Sand 604.8
Water 100.8
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2.3. Curing conditions
The specimens were taken out from the moulds, and allowed to cure in the laboratory for 28 days under ambient
climatic conditions: T = 27±2 °C, and HR = 55%.
2.4. Specimens and model houses
Specimens of mortar cement, plaster and plaster reinforced by fibres with dimensions 40x80x160 mm were
used. Also we construct a model houses with the same sizes 320x320x400 mm, by cement mortar, plaster, and fibre
reinforced plaster bricks. The model houses were built similarly; each house has a single room [1].
2.5. Test methods
The specimens were tested for thermal conductivity and specific heat. The test results were found as the average
of thermal conductivity and specific heat of five specimens. Individual variations of more than ±5% of the average
were not considered in calculating the average values. The thermal conductivity and specific heat are measured by
apparatus CT Meter developed by CSTM based on the heat wire. The thermal conductivity and specific heat were
determined according to the NF EN 993-15. The indoor temperatures of the model houses were measured eight
times a day for five days in the mouth of August when the outside temperature was similar [4,5,10,11].
3. Results and discussions
The Table 6 and the figures 2 and 3 show the variation of the thermal conductivity, specific heat and bulk
density as function of mass fraction of fibres. According to the results, the thermal conductivity and specific heat
variations of plaster reinforced bricks showed a similar trend to their density variations. The bulk density, thermal
conductivity and specific heat decrease with the increase of percentage in mass of fibres (see Fig. 2 and Fig. 3.b).
This reduction is essentially owed to the big porosity of the resulting material, due to the big porosity of fibres (see
Fig. 1). Also we can see in Fig. 2 and Fig. 3.b, that the behaviour of specific heat is quasi linear with the percentage
of fibres but the behaviour of thermal conductivity and bulk density is not linear.
Table 6.Variations of bulk density, thermal conductivity and specific heat.
Percentage of fibres 0 1 2 3 4 5
Bulk Density 1208 1162.59 1106.62 1021.47 908.24 710.85
Thermal conductivity 0.6 0.58 0.55 0.51 0.45 0.38
Specific heat 7809.9 7675.2 7558.5 7315.7 7268.7 7038.1
Fig. 2. (a) Thermal conductivity; (b) Specific heat
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In addition, the inside temperature of model houses built by fibres reinforced plaster is less than built with
plaster or cement mortar. The fibre reinforced plaster bricks house was determined to be cooler than the plaster
bricks house or than cement mortar bricks house in the summer. The highest temperature reduction was obtained
by the fibre reinforced plaster bricks house at 16h, the gain of temperature is 13.5 °C , and the reduction of
temperature between the inside and outside of model house built by fibre reinforced plaster is shown at 14 h, the
gain is 14°C (see Fig. 3). We can see in the experimental curves shows in fig. 3.a, the delay between maxima of the
inside temperature and outside temperature curves that is due to absorbed solar energy stored in the walls during
high daytime temperatures and subsequently released to the room and increased the temperature of the interior.
Fig. 3. (a) Inside and outside Temperature houses; (b) Bulk density
.
4. Conclusion
The addition of fibres in plaster changes, the thermal and rheological behaviours of this last completely and
improve the thermal features of the material considerably. The experimental results of the thermal conductivity and
specific heat of date palm fibres reinforced plaster testify the biggest efficiency of fibres well. The thermal
conductivity and specific heat of fibres reinforced plaster decreases with the increase of the fibres percentage.
Therefore, the plant fibres addition is beneficial on the resistance to the heat. In addition, one notices that the inside
temperature of model houses built by fibres reinforced plaster is less than built with plaster or cement mortar.
The use of thermal insulation materials, particularly wall materials, is the solution of the problem of energy saving
in the construction sector.
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